Stimulation of lysosomal activity and ROS formation in mouse peritoneal macrophages by five triterpene glycosides, typicosides A 1 (1), A 2 (2), B 1 (3), C 1 (4) and C 2 (5) has been studied and compared with their cytotoxic activities. Glycosides 1-3 possess moderate activities, but the most cytotoxic glycoside 5 is not active. Typicoside C 1 (4), with low toxicity, was proved to be the most active concerning stimulation of ROS formation. This is the first example of a triterpene glycoside from sea cucumbers with low cytotoxicity, but which demonstrates a strong immunostimulatory effect on mouse peritoneal macrophages in vitro.
Some triterpene glycosides of sea cucumbers, such as cucumarioside A 2 -2 from Cucumaria japonica, frondoside A from C. frondosa and a series of monosulfated glycosides from C. okhotensis, effectively stimulate cellular immunity at subtoxic doses [1a] , as estimated by lysosomal activity and ROS formation in mouse peritoneal macrophages [1b] . The lysosomal activity was studied earlier of a series of glycosides from C. japonica containing different numbers of sulfate groups [1c] . It was found that the monosulfated glycosides were the most active, while trisulfated glycosides were inactive. Six monosulfated triterpene glycosides, frondoside A 1 , okhotoside B 1 , okhotoside A 1 -1, frondoside A, okhotoside A 2 -1 and cucumarioside A 2 -5, isolated from C. okhotensis Levin et Stepanov, after intraperitoneal injection stimulated spreading and lysosomal activity of mouse macrophages and ROS formation in the macrophages in vivo. All the glycosides were active, but frondoside A was the most active [1d] .
Recently the ROS activation and lysosomal activity of macrophages in vitro, as well as cytotoxicities against Ehrlich ascites carcinoma cells by a series of glycosides from the sea cucumber Eupentacta fraudatrix were determined [1e]. None of the studied glycosides showed any stimulation of ROS formation. Only three of the compounds, cucumariosides I 2 , B 2 , and A 5 , stimulated lysosomal activity, by 15-16%, at doses of 1-5 g/mL. Such doses are significantly higher when compared with the active doses of cucumarioside A 2 -2 and frondoside A. No direct dependence between cytotoxicity and lysosomal activity was found, because cucumarioside I 2 and cucumarioside B 2 are glycosides with low toxicity, while cucumarioside A 5 is a moderately cytotoxic one. The lysosomal activities significantly depend on aglycone structures; cucumarioside B 2 , containing a 22E,24-diene system, is active, but its isomer cucumarioside B 1 , having a 22Z,24-diene system, is inactive. Cucumarioside A 5 , containing a 22Z,24-diene system, is active, but its isomeric cucumarioside A 6 , having a 23E,25-diene system, does not show activity. Furthermore, differences in the structure of the carbohydrate chains may even change the influence of the aglycone structure on the activity. Cucumarioside I 2 , Figure 1 : Structures of glycosides isolated from the sea cucumber Actinocucumis typica:
cucumarioside H (branched pentaosides) and cucumarioside B 2 (trioside) have the same aglycone with 22E,24-diene systems. However, сucumariosides I 2 and B 2 are active, while cucumarioside H is not. Cucumarioside I 2 is very similar to cucumarioside H, but has only an additional sulfate group attached to C-6 of the third monosaccahride unit (glucose) [1e]. Hence, even a minor difference in carbohydrate chain structure may change the immunomodulatory activity significantly, and thus immunomodulatory activities of sea cucumber glycosides strictly depend on both the aglycone and carbohydrate chain structures. It was of interest to investigate the immunomodulatory activities of the series of glycosides from the sea cucumber Actinocucumis typica, including linear mono-and disulfated tetraosides, whose structures and cytotoxic activities have been recently established ( Figure 1) [1f]. As found earlier, all the glycosides 1-5, except typicoside C 1 (4), exhibit strong hemolytic properties with EC 50 values of 0.18-0.29 g/mL, while glycoside 4 has about a 20 fold lower hemolytic activity (EC 50 = 6.25 g/mL) [1f]. Glycosides 1-5, except typicoside C 1 (4), possess strong cytotoxic activity against mouse spleen lymphocytes, with EC 50 values of 1.2-3.0 g/mL, while glycoside 4 has about a 16 fold order of magnitude lower cytotoxic activity. Glycosides 1-5, except typicoside C 1 (4), also possess strong cytotoxicity against mouse Ehrlich ascites carcinoma cells, with EC 50 values of 1.7-4.5 g/mL, while typicoside C 1 (4) was less active (EC 50 72.0 g/mL). It is interesting that the slightly cytotoxic glycoside 4 differs from typicoside C 2 (5) only in the presence of OH instead of OAc at C-22 [1f] . The results of the immunomodulatory activity are presented in Table 1 ; cucumarioside A 2 -2 [1c ] was used as a positive control.
All the studied glycosides, except typicoside C 2 (5), revealed some immunostimulatory activity on mouse peritoneal macrophages at concentrations of 0.001-0.1 g/mL. Typicoside A 1 (1) stimulated lysosomal activity by 7% in comparison with the control at a concentration 0.1 g/mL but stimulation of ROS formation was almost absent. Typicoside A 2 (2) stimulated only lysosomal activity by 13% at 0.1 g/mL. Typicoside B 1 (3) significantly stimulated lysosomal activity by 10% at 0.001 g/mL and 7% at 0.1 g/mL, and induced ROS formation by 8% at 0.01 g/mL. Typicoside C 1 (4) is the most active among the studied glycosides. Although it does not significantly stimulate lysosomal activity it reveals the strongest stimulatory effect on ROS formation (stimulation by 62% in comparison with the control) at a concentration of 0.001 g/mL. It also reveals 30% stimulation of ROS formation at 0.01 g/mL. It is of special interest that typicoside C 1 (4) has minimal cytotoxicity among the studied glycosides, while the most cytotoxic typicoside C 2 (5) possesses the minimal immunostimulatory activity among the studied glycosides, namely not active. Glycosides 4 and 5 differ from each other only in the presence of a hydroxyl group at C-22 and an acetate group at the same position, respectively. Therefore, the immonostimulatory activity of sea cucumber glycosides depends not only on the carbohydrate chain, as was found earlier [1c,e], but also on small details of aglycone structure. The most effective stimulators of lysosomal activity and ROS formation in mouse peritoneal macrophages, cucumarioside A 2 -2 from C. japonica and frondoside A from C. frondosa, are moderate and strong cytotoxins, respectively [2] . Typicoside C 1 (4) presents the first glycoside example of an effective stimulator of cell immunity possessing low cytotoxicity. Hence, there is no direct correlation between cytotoxic action and immunomodulatory activities of sea cucumber triterpene glycosides. It is known that cytotoxic action of sea cucumber triterpene glycosides is based on their membranolytic action, caused by the formation of a complex between glycosides and membrane 5,6-unsaturated sterols [2] . The absence of correlation between immunomodulatory activity and cytotoxicity suggests that the molecular target of sea cucumber triterpene glycosides in respect of induced stimulation of cellular immunity is not 5,6-unsaturated sterols. (2), B 1 (3), C 1 (4), and C 2 (5) were confirmed by 13 C NMR spectra [1f].
Experimental

Macrophage isolation and determination of lysosomal activity and reactive oxygen species (ROS) formation in macrophages:
Mouse macrophages were obtained from the peritoneal liquid of mice and lysosomal activity was estimated as described earlier [1e] . Two hundred L of peritoneal macrophage suspension was placed in wells of a 96-well microplate containing 20 L of solutions of the test materials. Incubation was conducted within 1 h at 37 o С. To study ROS formation, 20 L of dichlodihydrorofluorescein diacetate solution (final concentration 10 ) was added to each well and the microplate was incubated for an additional 10 min at 37 o С. The intensity of dichlorofluorescein fluorescence was measured at  ex = 485 nm, and  em = 518 nm. All experiments were repeated in triplicate. The means and standard errors for each treatment were calculated and plotted using SigmaPlot 3.02 software (Jandel Scientific, San Rafael, CA).
